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Abstract
An RT-PCR analysis was performed to examine changes in intracellular signal transducing molecules during in-vitro
 .aging of human fibroblasts. Expression of Nck, c-Crk, Grb2rAsh, phosphoinositide PI 3-kinase p110a and Werner’s
syndrome gene product WRN was noticeably reduced in late passage cells, showing a concurrent downregulation of a set of
signaling molecules accompanying aging. q 1998 Elsevier Science B.V.
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The replicative senescence of fibroblastic cells is
one of the best investigated phenomena accompany-
w xing cellular aging 1–3 . It has been shown that
overexpression of cyclin-dependent kinase inhibitors
such as p16 suppresses the cyclinrcyclin-dependent
kinase system, leading to failure in activating tran-
scription factors. The impairment of the signaling
cycle has been accepted as being, if not entirely,
causative of the inability of an aged cell to prolifer-
w xate. Other functions, including telomere regulation 4
w xand ceramide metabolism 5 , have also been implied
for the development of senescence. These, however,
have yet to be appropriately located in the signaling
network. In that event, they should be liable for a
wide or global change in the gene expression accom-
w xpanying aging 6,7 .
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In this connection, recent rapid progress has re-
vealed how signals outside a cell, for example mito-
genic stimuli, reach the nucleus through multiple
intermolecular interactions to eventually regulate gene
w xexpression 8,9 . It is of particular importance to
investigate how these signaling systems are related,
or coupled with those affected during aging. As a
first attempt for the study, the present analysis has
been directed to the aging-related regulation of the
signal transducing molecules.
Human fetal lung fibroblasts and their derivatives
w xwere cultured as described 10,11 and prepared for
 .the experiments Fig. 1 and Table 1 . In addition to
the parameters shown in Table 1, morphological ap-
pearance and replicative capacity of the cells not
.shown supported their matching with the postulated
aging stage. Total cellular RNA fractions prepared
w xtherefrom by the guanidine method 12 were pro-
w xcessed for Northern blotting analysis 13 or reverse
 .transcriptionrpolymerase chain reaction RT-PCR .
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As shown in Fig. 1, Northern blotting analysis
demonstrated that Grb2rAsh mRNA was at a higher
level in actively proliferating cells such as early
passage cells and chemically or virally transformed
cells. RT-PCR of comparable samples produced
qualitatively, if not quantitatively, identical results,
the fact validating RT-PCR as a method of estimating
the message abundance in the total RNA prepara-
tions.
Following experimentation could further formulate
 .the quantitative aspects of RT-PCR Fig. 2 : Varying
amounts of a reverse-transcribed message the first
 . Fig. 1. Comparison of the results of Northern blotting and RT-PCR. A – Human fetal lung fibroblasts TIG-1, untransformed; WI-38
60 w x.VA13, SV40-transformed, ATCC CCL 75.1; and WI-38 CT-1, Co-transformed, kindly provided by Namba 18 were prepared as
 .specified in Table 1. TIG-1 at PDL 38 marked as 38 were parallel to the cells at PDL 37 in Table 1. The other cells were inoculated at a
 .split ratio of 1 : 8 and cultured for 3 days. RNAs extracted from these cells were analyzed by Northern blotting 10 mgrlane . Std, RNA
 . w x  .ladder Gibco-BRL ; and Total, total RNA preparations from 3Y1 cells 13 . B – RNA samples were subjected to RT-PCR with the
 .  .primer sets for Grb2rAsh HUMEGFRBA 49“89r722⁄761 or b-actin HUMACCYBB 1175“1198r2329⁄2354 . In this study
 .  .each RNA sample 0.5 mg was reverse-transcribed in a 20 ml mixture with an oligo dT primer and one fifth of the RT reactions was
 . subjected to PCR in a 20 ml mixture by using TaKaRa RNA PCR Kit AMV with a thermal cycle of 948C, 2 min; 948C, 30 s; 558C, 30 s;
.728C, 1.5 min x-cycle number as indicated. For each primer set, PCR was performed with a cycle number optimized for appropriate
 .amplification. The reactions 5 mlrlane were electrophoresed in a 1% agarose gelrTAE buffer, stained in 1 mgrml of ethidium bromide
and photographed with a Polaroid film. The photographic images were analyzed with the public domain program ‘‘NIH Image for
Macintosh.’’
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Table 1
TIG-1 cell sources for RNA preparations
a 4 2 .  .  .  .Cell sample In-vitro age PDL Mitotic cells % Cell density 10 rcm RNA content pgrcell
bw xculture conditions
 . w xEarlyrconfluent Ecf 37 1 : 8; 7 days; 10% -0.1 16.0 4.2
 . w xEarlyrgrowing Egr 37 1 : 8; 3 days; 10% 4.0 7.7 3.6
 . w xEarlyrserum-starved Ess 37 1 : 4; 3 days; 0.2% -0.1 3.3 5.4
 . w xMiddlersemiconfluent Msc 46 1 : 8; 5 days; 10% 1.2 3.7 8.9
 . w xLaterconfluent Lcf 54 1 : 4; 7 days; 10% 0.3 4.4 6.8
c . w xLatergrowing Lgr 52 1 : 4; 3 days; 10% 6.7 1.4 11.4
a PDL, population doubling level.
b w  . xInoculum size split ratio ; culture period; fetal bovine serum concentration .
c Indistinguishable terminal cells counted in.
 .  . Fig. 2. Interpretation of the RT-PCR data. A – Reverse-transcribed Egr samples see Table 1 at the indicated dilution hence, the RT
.  .product accordingly reduced were amplified with the primer set for NAP5 locus AB005217 1“27r495⁄518 . The amounts of the
 .  .  .  .molecular weight markers M ranged from 244 ng the top band, 19 kbp to 4.4 ng the bottom band, 420 bp . B – The bands for the
 .PCR product in the gel were scanned horizontally. C – The bands for the PCR product and the molecular weight markers in the gel
 .  .were scanned vertically. Values are in arbitrary units and not comparable between B and C .
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.strand cDNA were subjected to PCR and the resul-
tant products were compared. A regression analysis
detected a clear correlation between the amount of
DNA in the gel and its densitometric measurement.
 . wFor the data shown in Fig. 2 C , log the ratio of
xdensitometric signals between 2 samples s log 0.95
wq0.58= log the ratio of DNA amounts between 2
x  .samples ns22; r)0.98 . In short, the visual
strength is nearly proportional to the square root of
the DNA amount.
When the relative amounts of templates and their
PCR products were compared, a linear correlation
was obvious between them: As calculated from the
 .  . wdata in Fig. 2 B and C , the ratio of the amounts of
x wa product between 2 samples correlated with the
ratio of the amounts of the template between 2
Fig. 3. Age- and growth-related changes in the level of various messages. Indicated RNA samples were subjected to RT-PCR. The primer
 .sets sometimes with flanking tags used were: Nck, HSNCK 99“125r816⁄843; c-Crk, HUMCRK 476“501r991⁄1017; ShcA,
HSSHC 191“219r727⁄752; IRS-1, S62539 1043“1065r1356⁄1392; PI 3-kinase p85a , HSP13KIN 39“63r212⁄237; PI
w x  .3-kinase p110a , HSPHI3K 946“971r1524⁄1548; and WRN 16 , HUMDR 144“171r692⁄720 588 bp , 3295“3322r3858⁄
 . w x3881 601 bp . The ShcA primer set matches up with mRNAs for the subtypes p46, p52 and p66 and gives products of the same size 19 ;
w xthe c-Crk primer set gives a 372 bp product for c-Crk I and a 542 bp product for c-Crk II 20 .
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x  .samples by a factor of 74.8"4.6 % for 35-cycle
 . samples or 76.0"5.2 % for 30-cycle samples ns
.20 for each . This means roughly that, for example,
increasing the template fourfold causes a threefold
increase in the product. Therefore, the relative
amounts of RT-PCR products could be considered to
well reflect the relative amounts of their templates
pre-existent in the reaction mixtures and to be usable
in quantitative comparison of mRNAs.
Given the validation, the abundance of the mes-
sages for a variety of signal transducing molecules
was analyzed by using the RT-PCR method. The
 .results thereof divided them into two groups Fig. 3 :
The messages for PI 3-kinase p85a , ShcA and in-
 .sulin receptor substrate 1 IRS-1 , as well as a house-
w xkeeping gene product b-actin 14 , were constitu-
tively expressed and not greatly affected by growth
state or in-vitro age.
The other group comprises Nck, c-Crk, PI 3-kinase
p110a and WRN. The expression of their messages
was noticeably reduced in late passage cells. This
change was unlikely to be primarily coupled with the
decrease in proliferating activity, as judged from the
results with growth-reduced early passage cells Ess
.and Ecf samples in Fig. 3 . Grb2rAsh might belong
to this group but a noticeable decrease in its expres-
 .sion in growth-reduced cells Fig. 1 could differenti-
ate Ash from the others. That suggests a possibility of
 .a growth-coupled regulation system s functioning
for Ash expression.
Aging is accompanied by a wide change in the
gene expression, in which the most pronounced are
an increase in matrixrcytoskeleton-related molecules
 .e.g. fibronectin and procollagen subtypes and a
w xdecrease in transcription factors 1–3 . Now, we have
found that a variety of signal transducing molecules
are apparently downregulated in their expression dur-
ing cellular aging in vitro. It should be further sub-
stantiated whether the changes in the message abun-
dance are connected with comparable changes in
their translated products or impairment of their func-
tions. In that event, such alterations may lead to an
aberrant or insufficient response of a cell to the
extracellular signals which are critical in keeping it
intact. Intriguingly, Nck, Crk and PI 3-kinase p110a
are oncogenic, if overexpressed, and implied in
w xgrowth regulation 8,9,15 ; WRN is a helicase, whose
w xmutations are liable for premature dysfunctions 16 ;
and p110a is a homolog of the nematode longevity
w xregulator Age-1 17 . The prompting results from the
present pilot study are urging us to investigate the
mechanisms for and physiological significance of the
concurrent downregulation of those signaling
molecules.
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